Abstract. Since most probably Standard Model cannot explain large value of CP asymmetries recently observed in D-meson decays the fourth quark-lepton generation explanation of it is proposed. As a byproduct weakly mixed leptons of the fourth generation enable to save the baryon number of the Universe from erasure by sphalerons.
Standard Model
The talk is based on the paper [1] .
In 2011 LHCb collaboration has measured the unexpectedly large CP violating asymmetries in D → π + π − and D → K + K − decays [2] : 
where
and A CP (K + K − ) is defined analogously. This result was later confirmed by CDF collaboration, which obtains [3] : 
The following questions concerning experimental results (1) and (3) arises: 1. Whether in the Standard Model the CPV in these decays as large as 0.5% -1% can be obtained? Our answer is "most probably NO". 2. Is really |ΔA CP | > 0.5% ? This should be clarified soon when all available data will be accounted for by LHCb collaboration. It is convenient to present the penguin diagram contribution to D → π + π − decay amplitude in the following form [4] :
attributing the first term to the tree amplitude and considering the second term only as the penguin amplitude.
In the case of D → K + K − decay the following presentation is useful [4] :
the first term is attributed to the tree amplitude while the second one is the penguin amplitude.
Designating the absolute values of D → π + π − decay amplitudes by T and P we get:
where δ stands for the difference of the strong interaction phases of tree and penguin amplitudes, while γ ≈ 70 0 is the phase of V ub (the product V cd V * ud as well as V cb are practically real in the standard parametrization of CKM matrix).
From (6) for CPV asymmetry we obtain:
Since sin γ is close to one we will substitute sin γ = 1 in the expression for asymmetry. Let us present an argument demonstrating that δ also can be close to 90 0 . In D → ππ decay rates tree diagram dominates, and corresponding to it 4-fermion Hamiltonian has parts with isospin 1/2 and 3/2. That is why the produced π-meson may have isospins zero or two. So three decay probabilities
depend on decay amplitudes absolute values A 0 and A 2 and their strong phases difference δ 0 − δ 2 . From the experimentally measured branching ratios [5] :
for the difference of phases of amplitudes with I = 0 and I = 2 we get:
In equation (7) δ stands for the difference of the strong phases of penguin amplitude which has I = 1/2 and produces pions with I = 0 and tree amplitude, which has parts with I = 1/2 and I = 3/2 and produces pions with I = 0 and I = 2, that is why δ δ 0 − δ 2 . Nevertheless (9) demonstrates that δ can be large, and in what follows we will substitute sin δ = 1 in (7).
In the limit of
while the penguin amplitudes of these decays are equal, that is why
Let us suppose that (10) is not badly violated, so finally we obtain:
and let us try to understand if in the Standard Model we can obtain
which we need to reproduce an average value of the LHCb and CDF results. The simple estimate gives:
which is approximately 20 times smaller than the number which follows from experimental data. Though the four-fermion quark hamiltonian responsible for these decays is known strong interactions prevent us from calculation of decay amplitudes. What can be done is an estimation of decay amplitudes with the help of factorization. Let us start from the tree diagram shown in Fig. 1a ) which dominates in the decay amplitude:
where the last factor originates from the summation of the gluon exchanges in the leading logarithmic approximation. Substituting in it
3 we find that it is close to one: {} = 1.1. Factorizing decay amplitude we obtain:
where k 1 and k 2 are the momenta of the produced π-mesons, p is D-meson momentum and we neglect m ICFP 2012
The value of D 0 → π + e + ν transition formfactor at q 2 = 0 can be found in [5] :
and for the decay width we get:
where f π = 130 MeV was used.
From the branching ratio of
So the naive factorization overestimates the decay amplitude by the factor √ 6.2/3.4 ≈ 1.4. We see that in the case of the tree diagram the accuracy of factorization approximation is very good.
The four-fermion QCD penguin amplitude which describes D → π + π − decay looks like:
where λ are the Gell-Mann SU(3) matrices and we use the Fierz identities λ ab
where O ≡ γ α γ 5 or γ 5 was used.
Calculating the matrix element in the factorization approximation with the help of the equations of motion for quark fields we get:
Dividing by the experimental value of the tree amplitude and using Eq. (15) we obtain:
Substituting
Comparing with (12) we see that in order to fit the experimental result on ΔA CP penguin amplitude should be enhanced by factor 20 in comparison with what factorization gives. Concerning tree amplitudes we found in this section that factorization result differs from the experimental value by factor 1.4 in the case of D → π + π − decay. Let us look now how accurate the factorization approximation to the penguin amplitudes in B-and K-meson decays is. B u → π + K 0 decay is described by the penguin amplitude shown in Fig. 2 . The Hamiltonian responsible for this decay looks like:
where a, c = 1, 2, 3 are the color indexes. Using the Fierz identities as well as < K 0 |s a Od b |0 >= 1 3 δ ab < K 0 |sOd|0 > identity we get:
where a 4 = 
where in the leading logarithmic approximation the following approximate equation is valid:
while at NLO approximation from Table 1 of [6] we obtain: a 4 = −0.031, a 6 = −0.042. Substituting m s = 100 MeV, m b = 4.5 GeV we get:
where V ts = 39 · 10 −3 and f + (0) = 0.25 from [5] was used. The experimental result is:
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So, the factorization result is enhanced by the factor P/P fact = 14/4.1 = 1.8 .
The numerical value of the penguin amplitude is important in the calculation of CP asymmetries in B → πK and B → ππ decays [7] .
s → d penguin transition changes the isospin by 1/2 in this way explaining a famous ΔI = 1/2 rule in K → ππ decays. The calculation of K S → π + π − decay amplitude generated by a penguin transition using the factorization underestimates the amplitude by the factor 2-3 according to [6, 8] .
In view of the results for B and K decays we can cautiously suppose that for D → π + π − decay factorization calculation underestimate the penguin amplitude by factor 5 at most leading to:
The following alternative emerges: the experimental results are wrong or New Physics is found. (To be objective let us cite a paper [9] which state that in framework of Standard Model large CPV in D decays can be explained.) Of course we cannot determine what kind of new particles and interactions are responsible for large CPV asymmetry in
However, in the next section we will propose the straightforward generalization of the Standard Model in which large CPV in D decays can be explained.
The fourth generation: enhancement of CPV in D decays
As it was stated in paper [10] the introduction of the fourth quark-lepton generation may easily remove Standard Model upper bound (31) matching the experimental results [2, 3] . In the case of the fourth generation the additional term with the intermediate b quark should be added to the expression for the penguin amplitude. In this way expression (4) is substituted by:
where the unitarity of 4×4 quark mixing matrix is used. According to the experimental constraints from the direct searches of the fourth generation quarks b should weigh several hundreds GeV, that is why f (m b ) is small and can be neglected just as it is done with t-quark contribution to b → s penguin, see the remark after Eq. (23). In order to enhance SM contribution to the penguin amplitude we should suppose that the term V cb V ub f (m s ) dominates in it. Then the enhancement of A CP in the case of the fourth generation is equal to:
where in the last equality we use the results on the allowed values of the product |V cb V
Saving baryon number by a long-lived fourth generation neutrino
If weakly mixed particles exist, then the sphaleron processes can create the baryon asymmetry of the Universe [12] . As it was noted in [13] 1 the baryon and lepton densities are linear combinations of these chemical potentials with the coefficients which depend on the ratio of masses of the corresponding particles to the temperature. We will take into account the masses of W-boson, t-quark, t -and b -quarks of the fourth generation and the fourth generation leptons N and E, the masses of all the other components of primordial plasma can be neglected in comparison with T sph .
Finally we have four equations for four unknown chemical potentials: two quantities are conserved under the sphaleron transitions; we can choose them as
The third equation is that of neutrality of primordial plasma Q = 0 and, finally, the sum of the chemical potentials of all the particles which are converted into nothing by sphaleron (qqql of each generation) equals zero. The value of masses of 4 generation particles we take from paper [14] in which the fit to the electroweak observables for higgs mass m H = 125 GeV was performed and recent LHC bounds on the masses of t -and b -quarks were taken into account:
A dashed blue line in Fig. 3 corresponds to the case of the unmixed fourth generation particles considered in [13] . The results for the case of the strongly mixed fourth generation quarks and the comes from the search of N at LEP II [15] . From Fig. 3 and Eq. (34) it follows that at sphaleron freeze-out L 4 is much larger than B , so N should decay well before the nonrelativistic dark matter particles start to dominate in the energy density of the Universe, τ ∼ 10 13 sec, from which we obtain the lower bound θ > 10 −16 . Let us note that direct searches exclude N as a dark matter candidate [16] . In the limit T sph → 0 heavy particles of the fourth generation are not produced: B 4 = L 4 = 0, B = L = 3Δ. In the physically interesting opposite limit T sph m N the value of baryon asymmetry is nonzero since the right-handed neutrinos of three light generations are not produced in the primordial plasma violating symmetry between the leptons of four generations which would occur at T m N . The characteristic time of the right-handed neutrino to thermalize is T/m 2 ν and for m ν 1 keV (which is valid for three light neutrinos) this time is bigger than the lifetime of the Universe t u = M Pl /T 2 for T = T sph ≈ 200 GeV [12] .
Conclusions
We determine what value of the ratio of penguin to tree amplitudes of D → π + π − decay is needed to get the observed CP asymmetry. In Section 1 we found that the factorization describes the tree amplitude EPJ Web of Conferences 00063-p. 8 with good accuracy; concerning the penguin amplitude it appears to be twenty times smaller than one needs to describe the experimental data on A CP . We demonstrate that in the case of B → π + K 0 decay the factorization calculation underestimates the penguin amplitude by factor 2. In the case of K S → π + π − decay penguin amplitude is enhanced by factor 2-3 in comparison with the factorization result.
Thus if confirmed on larger statistics and future systematics the result (1) demands New Physics.
In Section 2 we demonstrate that the fourth quark-lepton generation may enhance the penguin amplitude describing the experimental data. If the leptons of the fourth generation weakly mix with three light generation leptons, then the baryonic charge generated at high scale escapes the erasure by sphalerons and survive till now according to the results presented in Section 3.
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